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Abstract: Human herpesvirus 6A (HHV-6A) replicates in peripheral blood mononuclear cells 
(PBMCs) and various T-cell lines in vitro. Intriguingly, the virus can also establish latency in these 
cells, but it remains unknown what influences the decision between lytic replication and the latency 
of the virus. Incoming virus genomes are confronted with the nuclear domain 10 (ND10) complex 
as part of an intrinsic antiviral response. Most herpesviruses can efficiently subvert ND10, but its 
role in HHV-6A infection remains poorly understood. In this study, we investigated if the ND10 
complex affects HHV-6A replication and contributes to the silencing of the virus genome during 
latency. We could demonstrate that ND10 complex was not dissociated upon infection, while the 
number of ND10 bodies was reduced in lytically infected cells. Virus replication was significantly 
enhanced upon knock down of the ND10 complex using shRNAs against its major constituents 
promyelocytic leukemia protein (PML), hDaxx, and Sp100. In addition, we could demonstrate that 
viral genes are more efficiently silenced in the presence of a functional ND10 complex. Our data 
thereby provides the first evidence that the cellular ND10 complex plays an important role in 
suppressing HHV-6A lytic replication and the silencing of the virus genome in latently infected 
cells. 
Keywords: human herpesvirus 6; ND10 complex; PML; lytic replication; latency 
 
1. Introduction 
Human herpesvirus-6 (HHV-6) is a betaherpesvirus that has been classified as two distinct virus 
species, HHV-6A and HHV-6B, due to differences in their biological and genetic characteristics [1–
3]. Primary infection with HHV-6B causes roseola infantum (sixth disease), a febrile illness in children 
that is occasionally accompanied by neurological problems like seizures and encephalitis [4–6]. The 
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Abstract: Human herpesvirus 6A (HHV-6A) replicates in peripheral blood mononuclear cells
(PBMCs) and various T-cell lines in vitro. Intriguingly, the virus can also establish late cy in these
cells, but it remains nknown what influences the decision between lytic replication and th latency
of the virus. Incoming virus genomes are confronte with the nucl ar domain 10 (ND10) complex as
part of an intri sic antiviral response. Most herpesviru es can efficiently subvert ND10, but its role in
HHV-6A infection rem ins poorly understood. In this tudy, we investigated if the ND10 complex
affects HHV-6A repli ation and contributes to the silencing of the virus genome during latency.
We could demonstrate that ND10 complex was not di sociat d upon infection, while the numbe of
ND10 bodi s was reduced in lytically infected cells. Virus replication was significantly enha ced
upon knock dow of th ND10 complex using shRNAs against its major constituents promyelocytic
l ukemia protein (PML), hDaxx, a d Sp100. In addition, we uld demo strate that viral genes are
more efficiently silenced in th pres nce of a fu ctional N 10 complex. Our data th reby p ovides
the first evidence that the c llular ND10 complex plays an important role in suppressing HHV-6A
lytic replication and the silencing of the virus genome in latently infected cells.
K ywords: human herpesvirus 6; ND10 complex; PML; lytic replication; latency
1. Introduction
Human herpesvirus-6 (HHV-6) is a betaherpesvirus that has been classified as two distinct virus
species, HHV-6A and HHV-6B, due to differences in their biological and genetic characteristics [1–3].
Primary infection with HHV-6B causes roseola infantum (sixt dis ase), a febrile illness n children
that s occasionally accompanie by neurological problems ike seizures and encephaliti [4–6].
The cl nical manifestations a d epidemiology associ ted with HHV-6A infections ar currently less
well understood. Pr mary infection is foll w a ifelong persist nce in inf cted individuals,
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termed latency [7]. Both viruses have been shown to integrate their genome into host telomeres
of latently infected cells [8,9]. Integration also occurs in germ cells, resulting in individuals that
harbor the integrated virus in every single cell in their body [10,11]. This condition is termed
inherited chromosomally integrated HHV-6 (iciHHV-6) and is present in about 1% of the human
population [12]. HHV-6A/B can reactivate from latently infected cells, as well as in iciHHV-6
patients, which is associated with several diseases including encephalitis and graft rejection following
transplantation [13,14].
HHV-6A/B replicate efficiently in human cord blood mononuclear cells (CBMC) and peripheral
blood mononuclear cells (PBMC) as well as in various T-cell lines, including JJHan and SupT1
cells [14]. Intriguingly, the viruses can also establish latency in these cell lines, but it remains unknown
how the decision between lytic replication and latency is made. In the target cells, the incoming
virus genome is confronted with the nuclear domain 10 (ND10) complex that possesses antiviral
activity against a plethora of viruses [15–17]. The ND10 complex has three key constituents, namely,
promyelocytic leukemia antigen (PML), speckled protein of 100 kDa (Sp100), and human death
domain-associated protein 6 (hDaxx). PML is crucial for the ND10 complex as it is required for the
proper localization of other ND10-associated proteins [18]. Several herpesvirus proteins have been
shown to manipulate these components and disrupt the ND10 complex during the establishment of
infection [19,20]. For example, ICP0 of herpes simplex virus 1 (HSV-1) induces degradation of PML and
Sp100 [21–24]. Similarly, the viral immediate early protein-1 (IE1) of human cytomegalovirus (HCMV)
interacts with PML and induces dissociation of the ND10 complex [25–27]. In addition, HCMV pp71
induces degradation of hDaxx, a crucial step for productive HCMV gene expression [28–30]. Most
known human herpesviruses have been found to efficiently subvert the ND10 complex to successfully
establish lytic infection in the host, but the role of the ND10 complex in HHV-6 infection remains
poorly understood.
In this study, we investigated the role of the ND10 protein complex during HHV-6A infection.
Immunofluorescence studies revealed that ND10 bodies are not dissociated, but their number is
reduced in lytically infected cells. To address the role of the ND10 complex, we knocked down the
key constituents PML, Sp100, and hDaxx in HHV-6A permissive cells using shRNAs. Lytic replication
of HHV-6A was significantly enhanced upon knockdown of the ND10 complex. In addition, viral
gene expression was more efficient in cells upon knockdown of ND10 complex. Our data provides
evidence that ND10 complex suppresses HHV-6A replication and plays an important role in silencing
the viral genome.
2. Materials and Methods
2.1. Cells and Viruses
JJHan and 293T cells were cultured in RPMI and DMEM media, respectively. Both media were
supplemented with 10% FBS and 1% penicillin/streptomycin. Cells were grown at 37 ◦C, under 5%
CO2 atmosphere. Recombinant HHV-6A (U1102 strain), expressing GFP under the control of the HCMV
major immediate early (IE) promoter, was propagated on the human T cell line JJHan (HHV-6A-GFP) as
described previously [31]. We generated a late gene reporter virus. GFP was fused with a P2a ribosome
skipping motif to the major capsid protein U57 in pHHV-6A (vU57-P2A-GFP), an infectious BAC clone
of HHV-6A (strain U1102) using two-step Red-mediated mutagenesis as described previously [32].
Recombinant clones were confirmed by restriction fragment length polymorphism (RFLP) and Sanger
sequencing. Primers used for the mutagenesis and DNA sequencing are listed in Table 1.
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HHV-6 U86 forward TGTACATGGGCTGTAGGAGTTGA
HHV-6 U86 reverse ACATCCTCTGCTTCCAATCTACAATC
HHV-6 U86 probe TTCCGAAGCAAAGCGCACCTGG
HHV-6 U57-P2a-GFP forward GTTTGTGATCGAAAGTGCAGTAGACGGTTTCCATTTTACTTGTACAGCTCGTCCATGCCG
HHV-6 U57-P2a-GFP reverse GAGAAACCATACCTTTCCAACTCATTATCGAATCATCCATAGGATCTGGAGCGACCAATT
HHV-6 U57 sequencing forward CTTTGTTGGAGGAGACGATGG
HHV-6 U57 sequencing reverse GCCTCTTCACTGTTCATCCAA
2.2. Immunofluorescence
To assess the effect of HHV-6A infection on the ND10 complex, JJHan cells were infected
with HHV-6A-GFP. Cells were fixed with 4% paraformaldehyde (PFA) at 24 h post infection (hpi),
permeabilized with 0.1% Triton-X 100 and blocked with 10% BSA. Cells were then stained with rabbit
anti-PML (Bethyl Laboratories, Montgomery, TX, USA) and mouse anti-gp82 antibodies (clone 2-D6;
HHV-6 foundation repository) at 1:1000 dilutions and further stained using goat anti-rabbit Alexa 568
and goat anti-mouse Alexa 647 antibodies, respectively. Images were acquired on an Andor iXon888
EMCCD using a Nikon-based spinning-disk confocal microscope at 100× magnification (Visitron
Systems GmbH, Puchheim, Germany). Images were processed by ImageJ, Adobe Photoshop and
Illustrator software (San Jose, CA, USA). One hundred cells were imaged and the number of PML
foci per nucleus counted in a blinded manner. The HHV-6A infected cells were further grouped
with respect to the stage of infection: (i) immediate early infected cells that only express GFP and
(ii) GFP/gp82 double positive indicative of late replication. In addition, immunofluorescence was also
used to confirm the knockdown of PML in JJHan cells after lentiviral transduction as described above.
2.3. Lentivirus Production and Transduction
To knockdown PML, hDaxx, and Sp100, lentiviruses were prepared by co-transfection of 293T cells
with a pLKO-shDPS vector, containing shRNAs against PML, hDaxx, and Sp100 and the packaging
plasmids pCMV-VSV-G and pCMV-dR8.91, as described previously [33]. JJHan (after called JJHan-KD)
and 293T cells (after called 293T-KD) were transduced with these lentiviruses, selected using puromycin
and single cell clones generated.
2.4. Western Blotting
2 × 105 JJHan-KD, 293T-KD, and corresponding control cells were harvested and lysed in a
radioimmunoprecipitation assay (RIPA) buffer as described previously [34]. Proteins were separated
on 12% SDS polyacrylamide gels, blotted onto nitrocellulose membranes, blocked and stained with
the rabbit anti-PML (Bethyl Laboratories) followed by a HRP-conjugated goat anti-rabbit antibody
and the Amersham™ ECL™ Prime western blotting detection kit (GE Healthcare, Chicago, IL, USA).
Subsequent experiments were conducted on JJHan clone 6 or 293T-KD clone 2 cell lines.
2.5. CellVue Infection Assay
To determine if the replication properties of HHV-6A are altered upon knockdown of the ND10
complex, we established a simple infection assay using the CellVue Claret far-red fluorescent membrane
dye (Sigma-Aldrich, St. Louis, MO, USA). 2.5 × 105 HHV-6A-GFP infected JJHan cells were stained
with the CellVue dye and co-cultured with 1 × 106 unstained JJHan or JJHan-KD target cells. Cells
were then analyzed by FACS to assess the spread of HHV-6A to the uninfected (CellVue negative
cells) 5 days post infection. In addition, CellVue negative cells were sorted and HHV-6A genome
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copies quantified by qPCR as described below. For FISH analyses, GFP positive CellVue negative cells
(GFP+ CellVue/APC−) were isolated by FACS to obtain a pure infected target population.
2.6. Quantification of HHV-6A Genome Copies
DNA was isolated from sorted CellVue negative cells and mock infected cells using the RTP
DNA/RNA Virus Mini Kit (Stratec, Birkenfeld, Germany) according to manufacturer’s instructions.
To determine HHV-6A genome copies, qPCR was performed using specific primers and probes for the
HHV-6A U86 gene as described previously [31]. U86 genome copies were normalized against cellular
beta-2 microglobulin (B2M). Primers and probe sequences are listed in Table 1.
2.7. Fluorescence In Situ Hybridization (FISH)
To determine the number of lytically infected cells, a pure target population was obtained as
described above and analyzed by FISH to visualize lytic replication foci. Interphase nuclei were
analyzed by FISH as described previously using an Axio Imager M1 fluorescence microscope (Zeiss,
Oberkochen, Germany) [31,35–37]. Images of one hundred cells for each group were taken in a blinded
manner, the number of cells containing lytic HHV-6A replication centers was quantified and the
percentage of lytically infected cells calculated.
2.8. Late Gene Reporter Assay
To confirm that the ND10 complex suppresses late gene expression, the late gene reporter virus
BAC clone was transfected into 293T or 293T-KD cells by PEI transfection. U57-GFP expression was
analyzed by FACS 5 days post transfection.
2.9. Statistical Analyses
Statistical analyses were performed using GraphPad Prism5. Flow cytometry, qPCR, and FISH
data were analyzed using a Mann–Whitney U test.
3. Results
3.1. Analysis of ND10 Complex in HHV-6A Infected Cells
Many herpesviruses induce the degradation of PML, resulting in the dissociation of the ND10
complex, which allows them to overcome its antiviral activity. To determine if HHV-6A also disrupts
the ND10 complex, we analyzed cells infected with HHV-6A-GFP, expressing GFP under the control
of the HCMV major immediate early promoter. PML staining revealed that the ND10 complex was
not dissociated during HHV-6A infection (Figure 1A, Figure S1). However, the number of PML foci
in the nucleus of infected cells was significantly reduced compared to uninfected cells (Figure 1B).
This reduction was more prominent in cells expressing the late gene product gp82, indicative of a
late phase of lytic replication, compared to cells expressing only GFP, driven by the immediate early
promoter. In addition, the PML foci appeared larger in infected cells than in uninfected control cells
(Figure 1A). In contrast to other human herpesviruses, that disrupt ND10 to promote virus replication,
our data shows that HHV-6A does not disrupt the anti-viral ND10 complex.
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JJHan cells were immunostained for PML (yellow) and gp82 (red; late viral gene) and analyzed by 
confocal microscopy. Virus infected cells could be identified by GFP (green) and nuclei were stained 
with DAPI (blue). Representative images are shown for HHV-6A-GFP and mock infected cells. The 
scale bars correspond to 3 μm. (B) Quantification of PML foci in the nucleus of HHV-6A-GFP and 
mock infected JJHan cells (n = 100). Infected cells were grouped by the stage of infection, where GFP 
is expressed during the early stage of infection, while both GFP and gp82 are expressed during late 
lytic replication. Results are shown as the mean of three independent experiments with standard 
errors (***, p < 0.001). 
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components PML, hDaxx, and Sp100 in JJHan cells (JJHan-KD) using a previously published single 
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produce a stable knockdown of PML, hDaxx, and Sp100 [33]. We confirmed the knockdown of PML 
by western blotting and immunofluorescence (Figure 2A,B), indicative of the loss of all three ND10 
proteins [33]. To determine the effect of the ND10 knockdown on HHV-6A replication, we infected 
JJHan-KD clone 6 and control cells with HHV-6-GFP. FACS analysis revealed that the percentage of 
infected cells was significantly increased in the absence of the ND10 complex (Figure 2C). To quantify 
virus replication, we performed qPCR and found that HHV-6A genome copies were also significantly 
increased upon ND10 knockdown (Figure 2D). Therefore, removal of the ND10 complex led to more 
efficient HHV-6A lytic replication. 
 
Figure 1. HHV-6A infection reduces the number of PML bodies. (A) HHV-6A-GFP and mock infected
JJHan cells were immunostained for PML (yellow) and gp82 (red; late viral gene) and analyzed by
confocal microscopy. Virus infected cells could be identified by GFP (green) and nuclei were stained
with DAPI (blue). Representative i ages are shown for HHV-6A-GFP and mock infected cells. The scale
bars correspo d to 3 µm. (B) Quantification of PML foci in th nucleu of HHV-6A-GFP and mock
infected JJHan c lls (n = 100). Infected cells were grouped by the stage of infection, where GFP is
expressed during the early stage of infection, while both GFP and gp82 are expressed during late lytic
replication. Results are shown as the mean of three independent experiments with standard errors
(***, p < 0.001).
3.2. Generation and Analysis of N Knockdow Cells
To determine if the ND10 complex inhibits HHV-6A replication, we knocked down its major
components PML, hDaxx, and Sp100 in JJHan cells (JJHan-KD) using a previously published single
shRNA lentivirus vec or [33]. Transduction of cells with this lentivirus has previously been shown to
produce a stable knock own of PML, hDaxx, and Sp100 [33]. We confirmed the knockdow of PML
by western blotting and immunofluorescence (Figure 2A,B), indicative of the loss of all three ND10
proteins [33]. To determine the effect of the ND10 knockdown on HHV-6A replication, we infected
JJHan-KD clone 6 and control cells with HHV-6-GFP. FACS analysis revealed that the percentage of
infected cells was significantly increased in the absence of the ND10 complex (Figure 2C). To quantify
virus replication, we performed qPCR and found that HHV-6A genome copies were also significantly
increased upon ND10 knockdown (Figure 2D). Therefore, removal of the ND10 complex led to more
efficient HHV-6A lytic replication.
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3.3. Effect of the ND10 Complex on HHV-6A Replication 
HHV-6A can efficiently replicate in JJHan cells, but also establishes latency in these cells [31]. To 
determine if the ND10 complex influences this decision, we stained HHV-6A-GFP infected JJHans 
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then sorted a pure population of newly infected target cells (GFP+ Cellvue-; Figure 3A) and 
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Figure 2. Effect of ND10 complex knockdown in JJHan cells on HHV-6A replication. (A) PML and
hDaxx knockdown were assessed in two independent knockdown JJHan clones by western blotting.
(B) PML knockdown was confirmed in JJHan clone 6 by indirect immunofluorescence against PML
protein (yellow). Representative images are shown where the nuclei were stained with DAPI (blue)
(scale bars correspond to 3 µm). (C) Flow cytometry analysis to quantify the number of GFP expressing
cells upon infection of JJHan or JJHan-KD clone 6. Results are shown as the mean of three independent
experiments with standard errors (**, p < 0.01). (D) qPCR analysis to determine the HHV-6A genome
copies in infected JJHan and JJHan-KD clone 6 cells. Results are shown as the mean of five independent
experiments with standard errors (**, p < 0.01).
3.3. Effect of the ND10 Complex on HHV-6A Replication
HHV-6A can efficiently replicate in JJHan cells, but also establishes latency in these cells [31].
To determine if the ND10 complex influences this decision, we stained HHV-6A-GFP infected JJHans
with a membrane dye (CellVue) and co-cultured them with uninfected and unstained JJHans. We then
sorted a pure population of newly infected target cells (GFP+ Cellvue-; Figure 3A) and determined the
percentage of lytically infected cells by fluorescence in situ hybridization (FISH) (Figure 3B). Notably,
the percentage of lytically infected cells was significantly increased in the absence of the ND10 complex
(Figure 3C).
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expression of GFP was analyzed by FACS three days post transfection. The number of expressing 
GFP cells was significantly higher upon knockdown of the ND10 components (Figure 4B). To confirm 
that HHV-6A genes are also suppressed by the ND10 complex, we used a late gene reporter virus 
genome expressing GFP fused to the late major capsid protein U57 via a P2a ribosome skipping motif 
(HHV-6A-U57-p2a-GFP, Figure S2). The HHV-6A-U57-p2a-GFP genome was transfected into 293T-
KD and control cells and the percentage of U57-GFP expressing cells was analyzed by FACS five days 
post transfection. The number of U57-GFP expressing cells was significantly increased upon 
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Figure 3. Quantification of lytic replication in JJHan-KD cells. (A) Gating strategy to isolate pure
HHV-6A infected cell population. Infected GFP positive target cells were sorted and subsequently
analyzed by FISH. (B) Representative FISH images showing the HHV-6A genome (green) in interphase
nuclei (DAPI, blue) in lytically and latently infected cells. In latently infected cells, the viral genome is
indicated with an arrow (scale bars correspond to 3 µm). (C) The percentage of lytically infected cells
was quantified in JJHan and JJHan-KD cells (n = 100) in a blinded manner. Results are shown as the
mean of three independent experiments with standard errors (*, p < 0.05).
3.4. ND10-Mediated Suppression of Viral Protein Expression in Latently Infected Cells
To determine if the presence of the ND10 complex contributes to HV-6A enome silencing,
we assessed viral prot in expression i 293T cells, whic are used t assess HHV-6 integration and
only allow limited virus replication. We knocked dow the three ND10 components in 293T c lls
(293T-KD) and confirmed the k ockdown of PML by western blotting and immunofluorescence
(Figure 4A). 293T-KD clone 2 and control cells were transfected with the HHV-6A-GFP genome and
expression of GFP was analyzed by FACS three days post transfection. The number of expressing
GFP cells was significantly higher upon knockdown of the ND10 components (Figure 4B). To confirm
that HHV-6A genes are also suppressed by the ND10 complex, we used a late gene reporter virus
genome expressing GFP fused to the late major capsid protein U57 via a P2a ribosome skipping motif
(HHV-6A-U57-p2a-GFP, Figure S2). The HHV-6A-U57-p2a-GFP genome was transfected into 293T-KD
and control cells and the percentage of U57-GFP expressing cells was analyzed by FACS five days post
transfection. The number of U57-GFP expressing cells was significantly increased upon knockdown of
the ND10 components (Figure 4C). Taken together, our data show that the ND10 complex contributes
to suppression of genes in the HHV-6A genome.
Viruses 2018, 10, 401 8 of 11
Viruses 2018, 10, x FOR PEER REVIEW  8 of 11 
 
 
Figure 4. Depletion of ND10 components in 293T cells and its effects on HHV-6A gene expression. 
(A) PML and hDaxx knockdown was assessed in two independent 293T knockdown cell clones by 
western blotting. (B) Quantification of the GFP expression in 293T and 293T-KD clone 2 cells at three 
days = post-transfection with the HHV-6A-GFP BAC by FACS. Results are shown as the mean of three 
independent experiments with standard errors (*, p < 0.05). (C) Quantification of the expression of the 
major capsid protein U57 (late gene) by FACS in 293T and 293T-KD clone 2 cells five days post HHV-
6A-U57-p2a-GFP BAC transfection by FACS. Results are shown as the mean of three independent 
experiments with standard errors (*, p < 0.05). 
4. Discussion 
Herpesviruses have evolved mechanisms to overcome the antiviral activities of the ND10 
complex. We observed that HHV-6A does not dissociate the ND10 complex during lytic replication, 
unlike other herpesviruses [19,20]. The number of ND10 foci in the nucleus of infected cells was 
significantly reduced compared to uninfected cells and the foci appeared slightly larger. Similar 
observations have also been made for HHV-6B [38], suggesting that these closely related 
betaherpesviruses do not counteract ND10 in the same manner as HCMV and other herpesviruses.  
PML, hDaxx, and Sp100 have previously been shown to be involved in heterochromatinization 
and chromatin condensation [39,40], suggesting that they could potentially be involved in the direct 
silencing of the HHV-6A genome and suppression of lytic replication. In the case of HCMV, PML, 
and hDaxx have been shown to induce a transcriptional repression of HCMV immediate early genes 
in non-permissive cell lines [41]. Sp100 interacts with the heterochromatin protein 1 (HP1) [15,39] and 
associates with unmethylated CpG DNA [15,42]. In addition, the Sp100B isoform can act as a 
transcriptional repressor for both cellular and viral promoters [43]. Therefore, PML, hDaxx, and 
Sp100 could indeed induce silencing of the HHV-6A genome, resulting in a quiescent infection rather 
than lytic replication.  
To determine if the ND10 complex suppresses HHV-6A replication, we knocked down the 
expression of PML, hDaxx, and Sp100 using an shRNA vector developed by Glass and colleagues 
[33]. Using this system, we were able to successfully knockdown the expression of ND10 complex in 
JJHan (JJHan-KD) and 293T cells (293T-KD). Infection of JJHan-KD cells revealed that HHV-6A 
replicated more efficiently compared to the parental cell line by FACS and qPCR. In addition, we 
isolated infected cells by FACS and could demonstrate that the number of lytically infected cells 
increased upon knockdown of the ND10 components, suggesting that less cells are driven towards a 
latent infection in the absence of the ND10 complex. 
To determine if the ND10 complex contributes to the silencing of the HHV-6A genome, we used 
293T cells that allow quiescent infection and integration with limited lytic replication. Depletion of 
the three major ND10 components resulted in an increased expression of GFP encoded in the HHV-
6A genome. In addition, the major capsid protein U57 was also less efficiently silenced in the absence 
of the ND10 complex. Even though there was higher expression of the late major capsid protein, we 
Figure 4. Depletion of ND10 components in 293T cells and its effects on HHV-6A gene expression.
(A) PML and hDaxx knockdown was assessed in two independent 293T knockdown cell clones by
western blotting. (B) Quantification of the GFP expression in 293T and 293T-KD clone 2 cells at three
days = post-transfection with the HHV-6A-GFP BAC by FACS. Results are shown as the mean of three
independent experiments with standard errors (*, p < 0.05). (C) Quantification of the expression of
the major capsid protein U57 (late gene) by FACS in 293T and 293T-KD clone 2 cells five days post
HHV-6A-U57-p2a-GFP BAC transfection by FACS. Results are shown as the mean of three independent
experiments with standard errors (*, p < 0.05).
4. Discussion
Herpesviruse have evolved mechanisms to over ome the antiviral activities of the ND10 omplex.
We observed that HHV-6A does not dissociate the c mplex during lytic replication, unlike
other herpesviruses [19,20]. The number of ND10 foci in the nucleus of infected cells was significantly
reduced compared to uninfected cells and the foci appeared slightly larger. Similar observations
have also been made for HHV-6B [38], suggesting that these closely related betaherpesviruses do not
counteract ND10 in the same manner as HCMV and other herpesviruses.
PML, hDaxx, and Sp100 have previously been shown to be involved in heterochromatinization
and chromatin condensation [39,40], suggesting that they could potentially be involved in the direct
silencing of the HHV-6A genome and suppression of lytic replication. In the case of HCMV, PML,
and hDaxx have been shown to induce a transcriptional repression of HCMV immediate early genes
in non-permissive cell lines [41]. Sp100 interacts with the heterochromatin protein 1 (HP1) [15,39]
and associates with unmethylated CpG DNA [15,42]. In addition, the Sp100B isoform can act as a
transcriptional repressor for both cellular and viral promoters [43]. Therefore, PML, hDaxx, and Sp100
could indeed induce silencing of the HHV-6A genome, resulting in a quiescent infection rather than
lytic replication.
To determine if the ND10 complex suppresses HHV-6A replication, we knocked down the
expression of PML, hDaxx, and Sp100 using an shRNA vector developed by Glass and colleagues [33].
Using this system, we were able to successfully knockdown the expression of ND10 complex i JJHan
(JJHan-KD) and 293T cells (293T-KD). Infection of JJHan-KD cells revealed that HHV-6A r plicated
more efficiently compared to the parental cell line by FACS and qPCR. In ddition, we isolated
infected cells by FACS and could demonstrate that the number of lytically infected cells increased upon
knockdown of the ND10 components, suggesting that less cells are driven towards a latent infection in
the absence of the ND10 complex.
To determine if the ND10 complex contributes to the silencing of the HHV-6A genome, we used
293T cells that allow quiescent infection and integration with limited lytic replication. Depletion
of the three major ND10 components resulted in an increased expression of GFP encoded in the
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HHV-6A genome. In addition, the major capsid protein U57 was also less efficiently silenced in the
absence of the ND10 complex. Even though there was higher expression of the late major capsid
protein, we did not observe productive virus replication in these cells. Taken together, our data
provides the first insight into the role of ND10 during HHV-6A infection. We could demonstrate
that the ND10 complex limits HHV-6A replication and facilitates more efficient silencing of the virus.
This could in part explain why HHV-6A is more prone to establishing a quiescent infection than other
herpesviruses that dissociate the ND10 complex. The ND10 complex has previously been shown
to induce epigenetic modifications on incoming viral genomes such as HSV-1 or Kaposis sarcoma
associated herpesvirus [44–46]. The epigenetic modification on the HHV-6 genome and the role of the
ND10 complex remains elusive and is therefore an exciting avenue for further investigations. Recent
studies on HSV-1 by Merkl et al. also suggested involvement of the cellular interferon-inducible protein
16 (IFI16) alone, or in combination with the of ND10 complex, thereby restricting virus replication [47].
In the future, we will set to address the role of cellular factors including IFI16 as well as viral factors in
these epigenetic modifications during the establishment of HHV-6 latency.
Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4915/10/8/401/s1.
Figure S1: Effect of HHV-6 infection on the ND10 complex. Figure S2: Schematic image describes the construction
of HHV-6A-U57-p2A-GFP BAC upon en passant mutagenesis.
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